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[57] ABSTRACT 

A frequency spectrum analyzer adapted for use in a 
real time signal processing radar system is disclosed. In 
such system a plurality of sets of radar returns, each 
one of such sets corresponding to radar returns from 
objects disposed in each one of a like plurality of range 
cells, is stored in a time compressor section, the radar 
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returns in each one of the sets thereof being stored at 
the pulse repetition frequency (PRF) of such radar 
system. After storage of such radar returns, a like plu- 
rality of chirp pulses is produced, each one of such 
pulses having a dispersive time Kt. Synchronously with 
each one of the chirp pulses, one of the plurality of sets 
of stored radar returns is retrieved from the time com- 
pressor section, in a time duration equal to Kt. Each 
one of the retrieved sets of radar returns is mixed with 
a corresponding one of the plurality of chirp pulses to 
produce a series of mixed signals which is coupled to a 
pulse compressor. Each one of the mixed signals is 
compressed into a pulse occurring at a time related to 
the Doppler frequency of any object in the range cell 
producing such associated radar returns. 
The time compressor section is used prior to pulse 
compression to effectively "match" the radar dwell 
time, generally several milliseconds in duration, to the 
dispersive time of the chirp pulse, generally several 
microseconds in duration, thereby enabling the pulse 
compressor to include a practical surface acoustic 
wave (SAW) delay line. Further, the "compressive*' 
bandwidth, /3, of the pulse compressor is equal to, or 
greater than, the dispersive bandwidth of the chirp 
pulses, thereby to maximize the power in the com- 
pressed pulses. Means are provided to adjust the dis- 
persive time of the chirp pulse, thereby to correspond- 
ingly adjust the effective number of frequency resolu- 
tion cells of the frequency spectrum analyzer. 

10 Claims, 9 Drawing Figures 
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FREQUENCY SPECTRUM ANALYZER 
BACKGROUND OF THE INVENTION 

This invention relates generally to frequency spec- 
trum analyzers and more particularly to analyzers of 
such type which are useful in real time signal process- 
ing. 

As is known in the art, real time signal processors 
have been used extensively in many applications such 
as in sonar and radar. For example, a real time signal 
processor may be used in a radar receiver for determin- 
ing the Doppler frequency associated with a detected 
target. In such a radar receiver a bipolar video signal is 
produced in response to each one of a train of transmit- 
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system. In order for the chirp pulse and the input signal 
to be properly mixed, the chirp pulse must occur during 
the time of the input signal. Further, in order to prop- 
erly pulse compress the mixed signals, the ratio of the 
dispersive bandwidth to the dispersive time (i.e. the 
ratio S) must be equal in magnitude to the ratio of the 
compressive bandwidth to the compressive time of the 
pulse compression filter. Therefore, if such a system 
were to be used in a pulse Doppler radar, where the 
input signal is the bipolar video signal comprised of a 
number of radar returns (say 64 radar returns) taken at 
the radar PRF rate, say ( 1/200) MHz, a dispersive time 
of several milliseconds would be required for the chirp 
pulse. As is known in the art one convenient pulse 
compression filter includes a surface acoustic wave 



ted pulses. Such l»fm «• transmitted at a predeter- * ta order to puke compress a signal 

mmed pulse repetition frequency, or PRF . A prede- ^ ^ec^ ^ durati o„ such SAW 

delay line would require a length in the order of several 
2Q feet thereby making use of such SAW delay line im- 
practical in a pulse Doppler radar. 



termined time after each one of the pulses in the train 
thereof is transmitted, the bipolar video signal is sam- 
pled and stored to obtain a set of samples of such sig- 
nal, each sample in the set thereof corresponding to a 
return within a particular one of a number of range 
cells. The rate of change in amplitude of the samples 
within each one of the range cells is indicative of the 



SUMMARY OF THE INVENTION 
With this background of the invention in mind it is an 



Doppler frequency of any object in each one of the 25 object of this invention to provide an improved signal 



range cells. As is known, such Doppler frequency may 
be obtained by passing each set of samples through a 
frequency spectrum analyzer. The described real time 
signal processing has been implemented using various 
analog and digital processing apparatus. However, such 
implementations generally require relatively complex 
and costly components. 

As is described in articles entitled "High-Speed Spec- 
trum Analyser Using a Pulse Compression Technique'* 
by J. A. Edwards and M. J. Withers, published in the 
Proceedings of the IEE, Vol. 1 14, No. 11, November 
1967 and "The Design and Application of Highly Dis- 
persive Acoustic-Surface Wave Filters" by H. M. Gir- 
ard, W. R. Smith, W. R. Jones and J. B. Harrington 
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processor suitable for real time signal processing. 

It is another object of this invention to provide an 
improved real time signal processor adapted for use in 
a pulse Doppler radar. 

It is another object of this invention to provide an 
improved frequency spectrum analyzer adapted for use 
in a radar system. 

These and other objects of the invention are attained 
generally by providing: time compression means for 
storing N samples of a signal at a rate Ri, such samples 
being taken in a time duration T x and for retrieving 
such N stored samples at a different higher rate R 2l in 
a time duration T 2 to derive a time compressed signal; 
means for producing a frequency modulated signal 



published in IEEE Transactions on Microwave Theory 40 having the time duration T a ; means for mixing the time 



and Techniques, Vol MTT-21, No. 4, April 1973, the 
frequency of an input signal may be determined by 
mixing such input signal with a linear frequency modu- 
lated (FM) signal, ie. a "chirp" pulse, then passing the 
resulting signal through a pulse compression filter, and 45 
finally measuring the tone of occurrence of the com- 
pressed pulse produced by such pulse compression 
filter relative to a reference time, f©. Thus, if the fre- 
quency of the input signal is zero, the compressed pulse 
occurs at the reference time t & but if the frequency of 50 
the input signal is /* the compressed pulse occurs at a 
time/tf/S after the reference time r 0 , where S is the ratio 
of the change in the frequency of the chirp pulse (i.e. 
dispersive bandwidth) to the chirp pulse time duration 
(i.e. the dispersive time). 

In such a system the input signal, the frequency spec- 
trum of which is to be analyzed, is swept over a range 
of frequencies 26f (chirp pulse dispersive bandwidth) 
in a time duration 2AT (the chirp pulse dispersive time) 
where Af is the frequency bandwidth of such input 
signal. The pulse compression filter has a compressive 
bandwidth also equal to AT and a compressive time 
equal to AT. Because the input signal is swept over a 
bandwidth greater than the compressive bandwidth of 
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compressed signal and the frequency modulated signal 
during the time duration T s to derive mixed signals; and 
means for pulse compressing the mixed signals. 

In a preferred embodiment, the frequency modulated 
signal is a chirp pulse having a dispersive bandwidth Kj3 
and a dispersive time Kr and the pulse compressor 
includes a surface acoustic wave (SAW) delay line 
having a compressive bandwidth £ and a compressive 
time r where K is less than or equal to 1. The time 
compressor means compresses N samples of the bipolar 
signal having a bandwidth, Af, from a time duration 
Tito a shorter time duration equal to the dispersive 
time of the chirp pulse, Kr, generally in the order of 
several microseconds, and also alters the bandwidth of 
such video signal from the bandwidth to a time com- 
pressed bandwidth (Rs/Ri)A/ In this way: ( 1 ) the time 
compressor means is used, prior to pulse compression, 
to effectively match the radar dwell tune, Ti, to the 
dispersive tune of the chirp pulse Kr, thereby enabling 
the use of relatively short SAW delay lines for the pulse 
compressor, and, (2) the compressive bandwidth of the 
pulse compressor, J3, is equal to, or greater than, the 
dispersive bandwidth of the chirp pulse so that all fre- 



the pulse compression filter, here 2:1 greater, a 3 db 65 quency components of the time compressed signal 
loss in power in the compressed pulse will result, within a bandwidth /9 ( 1-K) will fall within the corn- 
thereby reducing the signal to noise (S/N) ratio of the pressive bandwidth of the pulse compressor, thereby 
received signal if such technique were used in a radar to maximize the power in the time compressed pulse. 
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BRIEF DESCRIPTION OF THE DRAWINGS Serial Analog Memory manufactured by Reticon Cor- 

, poration, 450 E. Middlefield Rd., Mountain View, 

The above-mentioned and other features of the in- Calif. 94043. The analog delay lines 26i-26s in each 

vention will become more apparent by reference to the one of the two sets thereof is identical in construction 

following description taken in connection with the 5 so that the processing of data associated at the in-phase 

accompanying drawings in which: channel will now be described it being understood that 

FIG. 1 is a block diagram of a pulse Doppler radar the processing of the data associated with the quadra- 
incorporating my invention; ture channel in the time compressor section 24 is 

FIGS. 2A to 2F are timing diagrams useful in under- equivalent to such in-phase channel. The set of delay 

standing the operation of the radar systems shown in 10 lines coupled to the in-phase channel, I, includes eight 

F,G - *5 delay lines 26j-26 8 the number of such delay lines 

FIG. 3 is a block diagram of a timing and control unit being selected in accordance with the desired number 

used in the radar system shown in FIG. 1; and of range cells to be used by the radar system. Here eight 

FIG. 4 is a series of timing diagrams useful in under- range cells are used in the radar system. Each one of 

standing the operation of the timing and control unit 15 the delay lines 26i-26 8 has here 64 serially coupled 

shown in FIG. 3. stages, as indicated. The number of stages is selected in 

DESCRIPTION OF THF~PRFFFRttFn " accordance with the desired Doppler frequency resolu- 

Dh^CRIPTION f OF THEPREFERRED tion . Also> ^ ch one of tne delay lineg hag Q 

bMoUUlMcN I b different shift signal line Sp-S* coupled thereto as indi- 

General 20 cated. In response to the shift signals applied to a se- 

Referring now to FIG. 1, a coherent pulse Doppler leCt f d I onc .f f 1 *? shift signal lin f s S F S * b * ***** and 

radar system is shown. The transmit/receive section 10 IZTL™ \ " %TT, t0 r* ^J 1 ^ ?** ap J 

of such radar system is conventional, including an an- ^A^t n J**? 6 * ( ? *?° h 

tenna 11 coupled through circulator 12 to an amplifier, 25 S^^^^?* 0 ? t ?™* ° 1 * r w 
here a klystron amplifier 13, and pulse modulator 14. 25 ° f - T Sf^ 1 " ^l* d , e ay lme l wh A lch L ls 

Pulse modulator 14, in response* signals supplied ^^i^^^St^ \ ^ ? S 

thereto via line XMT from timing and control unU 15 ^^^^X^ft^ ♦ f ? 1 

/*u a * -i r v l -ii i. j .i_ j . . one of the delay lines are shifted to the next staee to the 

(the details of which will be described in connection Aaht . ' h ow ^„ "* A ^£ C « «ie 

t?i^ -»\ j ^ * ngnt. inat is, such analog delay lmes 26i-26a act in a 

Each one of the pulses in the train of transmitted pulses in referri to FIGS 2A ^ 2B ^ cr 64 ^ fre _' 
is reflected by various objects (not shown) wh.ch are quency (R |) Ises (XMT P XMT M ) have b£n trlZ- 
disposed over various- ranges from the antenna 11. A mitte / bY ^ ^ systern^elay lines 26, through ^6 8 
portion of the reflected energy produced m response to 35 m each one of ^ ^ sets ^eof will have stored in 
each transmitted pulse is received by antenna 11. Ilie stages 64 through x thereof radar retunis R R 
tame at which a portion of such energy is received rela- Rfi ^ reS p e ctively, where the term rJis 
tve to the time at which the transmitted pulse asso- used to designate a radar return from the mth range 
ciated therewith is transmitted corresponds to the cell, such return being associated with the nth transmit- 
range of the object causing such portion of the received 4 o ted pulse, as indicated in FIG. 2B. That is, each one of 
energy. The energy received by antenna 11 passes the two sets of delay lines 26 ,-26 8 has 64 radar returns 
through circulator 12. The signal at the output of circu- st0 red therein at the radar PRF, here ( 1 /200) MHz the 
lator 12 is heterodyned in a conventional manner in contents of corresponding pairs of delay lines being 
mixer 17 with a signal produced by a stable local oscil- representative of radar returns in a different range cell 
lator (STALO 18). The signal produced by STALO 18 4 5 After the returns R 1(1 -R 8JM from 64 transmitted 
is heterodyned with a signal produced by a coherent pulses have been stored in the two sets of delay lines 
oscillator (COHO 19) in a mixer 20 to produce the 26,-26 8 as described, timing and control unit 15 trans- 
train of transmitted pulses after amplification by the mits a series of eight chirp pulse trigger signals P m 
klystron amplifier 13 in a conventional manner. The (where m equals 1 through 8) via line P to the chirp 
signal produced at the output of mixer 17 is passed 50 pulse generator 28 and to the utilization device 31. 
through an IF amplifier 21 to a quadrature phase detec- Suffice it to say here that the chirp pulse generator 
tor 22. As indicated, quadrature phase detector 22 section 28 includes an amplifier 92, a surface acoustic 
responds in a conventional manner to thereby provide wave (SAW) delay line 35 and a gate 36. In response to 
in-phase and quadrature bipolar video signals, such each one of the chirp pulse trigger signals P mi an ampli- 
signals being separated into in-phase and quadrature 55 tude weighted chirp pulse having a dispersive time 
channels I, Q, respectively. The relationship between (Kt), here 12.8 microseconds, as produced by the 
the transmitted pulses and the bipolar video signal in chirp pulse generator 28 on line 29 as indicated in 
the in-phase channel, I, is shown in FIGS. 2A and 2B, it FIGS. 2C and 2D. Here each one of such chirp pulses 
being understood that the quadrature dipolar video is a pulse linearly frequency modulated from 57.5 
signal behaves in an equivalent manner. The in-phase 60 MHz. to 62.5 MHz. Therefore a series of chirp pulses is 
and quadrature bipolar video signals are applied to a produced, each one having a 5 MHz dispersive band- 
time compressor section 24 as shown in FIG. 1. Time width (K/3). At the time each one of such chirp pulses 
compressor section 24 includes two sets of eight analog is produced by the chirp pulse generator 28, signals are 
delay lines 26,— 26 8 as shown, one set being disposed in supplied by timing and control unti 15 to the time com- 
the in-phase channel, I, and the other set being dis- 65 pressor "section 24 to enable 64 radar returns 
posed in the quadrature channel, Q. Each one of the R m ,i-Rm.64» associated with one of the eight range cells, 
delay lines 26j-26 8 in each one of the two sets thereof to be read therefrom at a retrieval rate of 5 MHz as 
here is a charged coupled device (CCD), as a SAM 64 indicated in FIG. 2E. Therefore, the time compressed 
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Doppler bandwidth is 10 3 A/i where &J is the Doppler . „ . . n . # 1C 

bandwidth of the bipolar video signal fed to the time Timmg and Contro1 Umt 15 

compressor section 24 and 10 a is the ratio of the re- Timing and control unit IS is shown in FIG. 3 to 

trieval rate, 5 MHz, to the radar PRF( 1/200) MHz. As include a clock 40, here adapted to produce clock 

shown in FIGS. 2C through 2F, after the radar returns 5 pulses on line cp at a rate here 5 MHz. As will be seen, 

Rn-Raw have been stored in the time compressor timing and control unit 15 alternates or "oscillates" 

section '24 as described, a first chirp trigger signal P t is between a "write in" mode, as when the signal on line 

transmitted from the timing and control unit 15 to the W is "high" to enable radar returns R M to be stored in 

chirp pulse generator 28; an enabling signal is transmit- P ulse compressor section 24 (FIG. 1 ) and a read 

ted on line I, to selectively couple delay line 26, to the 10 out " mode 38 when Ae on hne R « ^ «° enable 

mixer section 30; and shift signals at the 5 MHz rate are such stored '/dar returns R m ^ to be read therefrom in 

transmitted on line S, thereby to enable the 64 returns manner described above. 

u n a . . , . , A ~x ^ v» 0A »s«ii« Let us assume that the timing and ontrol unit 15 is 

Ri i-Ri.04 stored in the delay Ime 26j to be serially read . . . . • . . . -f „. „- , n . 

. ... . . . / . , initially in the write in mode as by setting flip/flop 69 by 

herefrom asir^^ any conventional means not shown to produce a high 
Ae reading of radar returns R^R^ from the delay ^ Qn ^ w Qock lses Qn ^ ^ ^ 
line 26, the chirp pulse generator 28 produces the AM> 42 ^ h QR „ tQ counter 
chirp pulse described above. Consequently, the 64 46 46 fa a conventiona] 3 bit , divide by g 
radar returns Rm-Ri* and the chirp pulse are supplied counter| ^ output of which is ^upled to a conven- 
to the mixer section 30 during the identical time period 2Q tional decoder 47 . Decoder 47 raises the level of one of 
i.e., the chirp pulse dispersive time Kt, here 12.8 mi- ^ output Bnes thereof selectively in response to 
croseconds. The signal produced at the output of mixer ^ ftgxaA word stored in the counter 46. Clock pulses 
section 30, the details of which wUl be described here- passing through AND gate 48 (line EN being low for 
inafter, is presented to a pulse compressor 32, the de- reasons to become apparent) and OR gate 50 are sup- 
tails of which will also be discussed later. Suffice it to 25 plied to a conventional selector 52. Such selector 52 
say here, however, that the pulse compressor 32 serves passes the signals applied thereto via OR gate 50 to a 
as a pulse compression filter having a compressive selected one of the shift signal lines Sr-S a » such lines 
bandwidth £, and compressive time t, the ratio of fi/r being selected by the decoder 47. In operation and 
being equal in magnitude to the ratio of the dispersive referring also to FIG. 4, in response to the first eight 
bandwidth (K/3) to the dispersive time (Kt) of the chirp 30 clock pulses on line cp counter 46 varies from (0), 0 to 
pulse. The pulse compressor 32 includes the SAW (7) l0 and clock pulses pass to lines S t -S 8 respectively 
delay line 37 here having a compressive bandwidth thereby enabling radar returns R^-Rea to become 
/tequal to 10 MHz and a compressive time r equal to stored in the first stage of the delay lines 26 t -26 8 re- 
25,6 microseconds. Pulse compressor 32 produces, in spectively as described above. It is here noted that if 
response to each one of the mixed signals applied 35 the delay lines 26,-26 8 are the type which require two 
thereto, a compressed pulse or dechirped signal, the phase shift signals, a bistable multivibrator with appro- 
peak of which occurs at a time a x after the chirp trigger P"ate change in the clock frequency may be arranged 
signal P, as indicated in FIG. 2F. As is known, the in any conventional manner and used to provide such 
timeaj is related to the Doppler frequency of an object shift signals. . 

disposed in the range cell producing the returns <0 On the ninth clock pulse the overflow Ime d of the 

Rtx-Rt*. A short time after the tot chirp trigger sig- counter 4 u 6 becom A ^^h and a clock pulse is enabled 

nal P, has been supplied to the chirp puke generator £ P** through AND gate 54 to a counter 56 and 

28, a second chirp pulse trigger signal P t is applied to AND gate 61 to set a flip/flop 55 and a so 

such chirp pulTg^nerator X Timing and control unit counter 4 6 is reset to O^^e counter 56 is also 

15 thenTr^ucJ Ta signal on line I, to: selectively cou- 45 connected to a comparator 57 to^ which a raster 59 is 

t j j 1 1* *u «i i«i in ia a* also coupled. The register 59 here has the number 

pled delay hne^%^ (993) * ^ ^ when ^ content of ^ 

^section 30; and ^ 56 Qr 

5 MHz rate to enable the 64 radar returns R, 4 -R^ to l9g£ microsec ^ nds ^ ^ linc M Ci is raised to hi h| 

be read from such delay Ime 62, during a tune penod 5Q ^ Qf comparator 57 ^ t0 

equal to the dispersive tone Kt. Likewise, the chirp ^ ^ mp/flop 55 The output of flip/flop 55 h cou . 

puke produced by the chirp pulse generator 28 in re- ^ ^ |me EN ^ counter 46f AND gate 58 in. 

sponse to the trigger signal P, is also produced during verter 49 . when ^ signa | on ^ EN & y^ $h: ( x > 

the time at which the samples R t4 -Rj^4 are being re- coun ter 46 is disabled from counting clock pulses sup- 

trieved from the time compressor section 24. As indi- 55 pfied th ereto via OR gate 44, and (2) inverter 49 inhib- 

cated in FIG. 2F, an object disposed in the range cell its pulseg from pa8smg through selector 52, Also 

associated with the returns R^r-Rajt* would have a when such line EN goes from a high level to a low level, 

Doppler frequency related to the time a 2 . This process counter 56 is reset. Further, when line EN goes high a 

is repeated to enable the radar returns stored in each high signal passes through AND gate 58 to enable one 

one of the delay lines to be read therefrom. A utiliza- 60 shot multivibrator 59 to transmit a pulse on line XMT 

tion device 31, here a conventional analog display de- to pulse modulator 14 (FIG. 1). The high signal on line 

vice responsive to the chirp pulse trigger signals pro- Q passes through AND gate 60 and OR gate 62 to a 

duced by the timmg and control unit 15 is used to counter 64. A comparator 65 is coupled between 

display the output of the pulse compressor as shown in counter 64 and a register 67, here storing (63) l0 . The 

FIG. 2F thereby to enable an observer of such display 65 process repeats until the level on line Ci goes high 64 

to identify and determine the Doppler frequency of times thereby raising the level on line C s to reset 

each one of the objects disposed in each one of the counter 64 after a one clock pulse delay provided by 

eight range cells. delay 63. Because the line Q is also high at this time, a 
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high signal is produced at the output of AND gate 68 comparator 76 produces a high signal at its output 

hereby switching the state of flip/flop 69 (i.e. to raise when the contents of counter 72 are less than, or equal 

the line R and to lower the line W) placing the timing to, (500) lo . Therefore, the signal on line WAIT (the 

and control unit 15 in the "read out" mode. output of comparator 76) goes high (a relatively short 

During the read out mode a high signal on line R s time after counter 72 is reset by the signal on line R as 

passes through AND gate 70 to enable clock pulses to described) and remains high for 100 microseconds 

p^s through such AND gate to counter 72 and through after which it goes low. The signal at the output of 

™. T %l T a "? on ? 5tal ; 1C ™. ult '£ brirtor . 81 to inverter 79 then goes from a low to a high and a pulse 

counter 72 when the signal on l.ne R goes from a low to is produced by monostable multivibrator 83 to reset 

a high A comparator 73 is coupled to such counter 72 10 counter 72. Referring also to FIGS. 3 and 4, when the 

and also to a register 74, such register having stored signal on line WAIT acts to reset counter 72 then the 

STthl ^ C ° mPa f al0 L r dUCeS 2 W8h , S f 0Utput of ^ c <™parator 73 goes high 1 clock pulse 

nal at the output thereof when the contents of the after such counter 72 has been reset. When the output 

counter 72 are greater than (1 ) „. It follows then that of comparator 73 goes high, the chirp trigger sigrXs 
when die line R goes high a high s.gnal is produced at 15 again produced by one shot multivibrator 75 (chirp 

Ae output of comparator 73 after one clock pulse has trigger puke P 2 ). The.output of flip/flop 516 (i.e. line 

passed to counter 72. The output of comparator 73 is 25) goes high for a 12.8 microsecond time duration 

Zrwl^iT shot | multlv ^ rs ' tor 7 n S !»« ** ^ed to during which time radar returns Rj.i-R a ,M are retrieved 

produce a 416 ns pulse or. the line P. The selection of from the pair of delay lines 26 2 and Tsecond chirp 

Lfficti n , S to P «vhe ,h7 k T" be ? h t , : e,naft f r - 20 P^se is produced by the chirp pulse generator 28. Th^ 
Suffice it to say here that such pulse is the chirp pulse process continues until line C, goes high for the ninth 
trigger s.gnal, as described above. « me at which time , ine c ^ goes * 

InTeLon,? .t,^? ^ ^ chan « e fli P/ ffl °P « timinf and control 

In response thereto, a high signal is produced by such unit 15 in the write in mode once again 

flip/flop 500 to enable clock pulses to pass through 25 

AND gate 502 to counters 504, 506. A comparator 508 Pulse Generator 28 

is coupled to the output of counter 504. Also coupled The 41.6 ns chirp pulse supplied to the chirp pulse 

to such comparator 508 is a register 510, here having generator 28 via line P from the one shot mulSator 

(1 ,0),. stored therein. Counter 506 has the output 75 of timing ^ control ^ ls is amplified jn a li _ 

mereof coupled to a comparator 512. Also coupled to 30 fier 92 and then passed to a surface acoustic wave 

tored'reS 0 ^ Wh/T" 5 4 ', h % e haV ^ 8 (SAW) dc,a y line 3S - Herc such surfa " acousdc wave 
stored there n (194),,. When the contents of counter (SA W) delay line 35 has a 10 MHz bandwidth and 

S04areg r eaterthan,orequalto,(i30) 1 oafl. P /flop516 gener ates a linear frequency modulated chirp puke 

£^iT^ST , If BMO f' f S T\Z ha ™* a time dura *°"°' ^ive time of 25.6 micro! 

line 25, goes high. When the contents of counter 506 35 seconds. The 41,6 nanosecond pulse produced by the 

are equal to or greater than ( 194) J0 the output of corn- one shot mulnvibrator is selected ta 0 ? d ° r ^ stimulate 

parator S12 goes high thereby to reset flip flop 516 ^ surface acousUc wave SAW de , 3 . a 

causing line 25 to go low and also to reset Hip/Hop 500. ergy havi frequencies relativd constant in ™ " 

The signal produced on line 25 is shown in FIG. 4. As tude in a band 5 4 5 to 65 MIfe This y fa b ^ 

^Sn?^* ' ?* T5 ° n T 25 \*1 40 *** P ulse °f amplitude A and time duration T^a 

enable reading of the stored radar returns associated frequency spectrum 
with the first range cell Rm-R,^ and also to gate a 
chirp pulse generated by the SAW 35 to the output of 

the chirp pulse generator 28, FIG. 1. That is, the time at 9 ff Tp , 

interval in which line 25 is high is equal to the disper- 45 w T * 

sive time of the chirp pulse and also equal to the time 

during which 64 radar returns are retrieved from the such spectrum being substantially "flat" over the fre- 
time compressor section 24. quency band 

When the line 25 is high during the read out mode, 
clock pulses pass through AND gate 78, OR gate 50 to 50 , s .2. 

the selector 52. Counter 46 stores (0) l0 . It follows then 2T * t p 

that 64 clock pulses are passed over line Si thereby 

retrieving the 64 radar returns Ri.i-R Jl6 4 associated The output of the surface acoustic wave (SAW) delay 
with the first range cell and stored in the pair of delay line 35 then is a chirp pulse having a 25.6 microsecond 
lines 26 t . After such 64 clock pulses have been passed 55 dispersive time. Such chirp pulse is amplitude weighted 
to counter 64, comparator 65 goes high (because the in accordance with the characteristics of the surface 
contents are greater than or equal to the contents acoustic wave (SAW) delay line 35 to reduce sidelobes 
stored in register 67) and line C 2 goes high thereby which may be generated in the pulse compression pro- 
passing through AND gate 76 and OR gate 44 to incre- cess. The frequency of the chirp pulse produced by 
ment counter 46 by one thereby to lower Ci and also 60 SAW 35 is modulated from 55 megacycles to 65 mega- 
after a 1 clock pulse delay to reset counter 64. It is cycles in such 25.6 microsecond time duration. The 
noted that, as described above, during this period of output of the SAW 35 is passed to a gate 36. Also 
time the radar returns Ri.i-Ri.64 are read and a chirp coupled to such gate 36 is line 25 from the timing and 
pulse is applied to the mixer section 30 along with such control unit 15, When line 25 is raised the output of the 
64 radar returns, as also indicated in FIGS. 2B and 2E. 65 SAW 35 appears on line 29. As described in connec- 
The output of counter 72 is also coupled to a com- tion with the timing and control unit 15, and in refer- 
parator 76. Also coupled to such comparator 76 is a ence to FIG. 4, the gating signal on line 25 commenced 
register 78 here having stored therein (500) t0 . The 26 microseconds after P m and remained high as the 
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chirp pulse on line 29 here is frequency modulated As described in connection with the chirp pulse gen- 
from 57.5 to 62.5 MHz in a dispersive time of 12.8 erator 28, the dispersive time duration K rand disper- 
microseconds. During such time, 64 radar returns asso- sive bandwidth Kj3 is controlled by the gating signal on 
ciated with any one of the eight range cells are re- line 25 (i.e. more particularly by the contents of regis- 
tricved from the time compressor section 24. That is, 5 ters 510, 514 of the timing and control unit 15). It 
the gating signal on line 25 allows only a portion of the follows then that such gating signal controls the con- 
chirp pulse produced by SAW 35 to pass to line 29. It stant K t and for the particular embodiment described 
follows then that the portion of such produced chirp above the gating signal is 12.8 microseconds, hence 
pulse which is passed to line 29 is controlled by the K=\k. However the value of K may be selected as de- 
contents of registers 510 and 514 of the timing and 10 sired. 

control unit 15, That is the dispersive bandwidth K/3 Having described a preferred embodiment of this 
and dispersive time Kt of the chirp pulse passed to the invention, other embodiments incorporating these con- 
mixer section 30 may be controlled by selection of the cepts may not become apparent to those of skill in the 
contents of registers 510, 514, and also the contents of ^ p or example, the amplitude weighting of the chirp 
register 67, the latter register controlling the number of 15 pu lse may be accomplished by inserting a suitable 
returns to be processed in each one of the range cells. weighting amplifier between SAW 35 and gate 36 in- 
Mixer Section 30 stead of having such amplitude weighting built into 

such SAW 35. Further, while the time compressor 

Mixer section 30 includes a pair of buffer amplifiers section 24 has been descri bed as including analog delay 

94, 96 each one being coupled to a different one of a 20 lineS) such section may instead have inc i ude d an analog 

pair of mixers 98, 100 as indicated. Each chirp pulse tQ (A/D) convcrter coupled t0 ^ quad rature 

generated by the chirp pulse generator 28 is coupled to hase detector 2 2 to convert such analog signal to 

the mixers 98, 100 as indicated. It is noted that the corre sponding digital signals and digital delay lines, i.e. 

chirp pulse coupled to mixer 98passes through a 90° shift re ^ ter (or dtemative digita , memory) coupled t0 

phase shrfter 102 as ind.cated. The outputs of mixers 25 such ^ converter> ^ e output of such di ita , delay 

98, 100 are coupled o a summmg network 104 as ^ bei ^ , ed ^ to ^ converters . 

a 1 t° ? 6 ™ T m m ' P }T As an alternative embodiment, the chir^ pulse genera- 
quadrature channels The time compressed bipolar d ^ f . , .„ ^ 

^^Uli^^T^J!^ ™ auction of time compressed signals. That is to say, any 

then appear as single sidebands on the chirp pulse. 30 . ... r . ° . ... J , . 

rr *^ r r conventional chirp pulse generator could be used in 

Pulse Compressor 32 place of the illustrated chirp pulse generator to be 

Pulse compressor 32 includes a surface acoustic mbc ** 1 th * e out P u * °J the quadrature phase detec- 

wave (SAW) delay line 37 flanked by apair of amplifi- tor 22 ' * mputs to the l " 

ers 106, 108 as indicated. The surface acoustic wave 35 P^or section 24. With the alternative approach, the 

(SAW) delay line 37 here has a compressive bandwidth swee P, ^quency chirp generator would then be ar- 

10 MHz and a compressive time 25.6 microseconds. * swe< ;P I KHz In 12.8 md hseconds (rather 

The ratio of the compressive bandwidth to the com- 5 MHz m 12 8 microseconds). With such an alter- 

pressive time of such SAW delay line is equal in magni- native approach, the sweep frequency chirp generator 

tude to the dispersive bandwidth to dispersive time 40 would be swe P l over Us operating range only once to 

ratio of the SAW delay line 35 in the chirp pulse gener- Provide the proper input signals for the time compres- 

ator 28. It is noted therefore that the ratio of the com- sor section 24 rath er as in the preferred embodi- 

pressive bandwidth of the compression filter to the ment shown in FIG. 1, eight times to provide the proper 

"dispersive" bandwidth of the chirp pulse is here 2:1. reference signals for the mixer section 30. It is felt, 

As will be described below, such 2:1 ratio provides the 45 therefore, that this invention should not be restricted to 

maximum number of frequency resolution cells obtain- ^ e disclosed embodiment but rather should be limited 

able within the constraint that the frequency of the only by the spirit and scope of the appended claims, 

signal applied to the pulse compressor 32 is within the What is claimed is: 

compressive bandwidth of such pulse compressor 32 1. In a radar system for producing a plurality of sets 
thereby maximizing the power in the compressed pulse. 50 of radar returns, each one of such sets corresponding to 
Let us consider that the SAW delay line 37 has a radar returns from objects disposed in each one of a 
compressive bandwidth ft and a compressive time r, Kke plurality of range cells, the radar returns in each 
further, in order to satisfy the above stated constraint, one of the sets thereof being stored at the radar system 
the dispersive bandwidth of the signal applied to the pulse repetition frequency, a signal processor for deter- 
pulse compressor 32 is K/3 where K is equal to or less 55 mining the Doppler frequency of the objects in each 
than I . Because the dispersive time to dispersive band- one of such range cells, comprising: 
width ratio of the chirp pulse must be equal in magni- a. time compressor means for serially retrieving each 
tude to p/r, the dispersive time of such chirp pulse must one of the plurality of sets of stored radar returns, 
be Kt. Also the time compressed video signal must the stored radar returns in each one of the sets 
likewise be Kr in time duration. The bandwidth of the 60 thereof being retrieved at a rate greater than the 
frequency resolution cell should therefore be 1/Kt (i.e. radar system pulse repetition frequency and being 
the 4 db bandwidth of a pulse Kt in duration). The retrieved in a time duration K r to produce a series 
maximum Doppler frequency of the input signal must of time compressed signals; 
be therefore, 0(1— K) in order for the frequency of such b. means, operative synchronously with the time 
signal to be within the compressive bandwidth of the 65 compressor means, for serially producing a like 
pulse compressor 32. Therefore, the number of Dop- plurality of chirp pulses, each one of such pulses 
pier cells N is equal to &K t( 1— K), such number being having a dispersive time K r and a dispersive band- 
maximum when width Ky8; 
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c. means for mixing each one of the time compressed 
signals with a corresponding one of the chirp pulses 
to produce a series of mixed signals; and, 

d. means for pulse compressing each one of the 
mixed signals to produce a series of pulses, each 5 
one of such pulses occurring at a time related to the 
Doppler frequency of any object in the range cell 
producing such associated radar returns. 

2. The signal processor recited in claim 1 wherein the 
pulse compressor has a compressive bandwidth /3 and a 10 
compressive time t, and where K is less or equal to I . 

3. The signal processor recited in claim 2 including 
means for adjusting the dispersive time of the chirp 
pulses. 

4. A signal processor comprising: 

a. means for storing N samples of a signal at a rate R, 
and for retrieving such N stored samples at a differ- 
ent rate R £ ; 

b. means for producing a frequency modulated sig- 
nal; 

c. means for mixing the N retrieved samples and the 
frequency modulated signal during a common time 
interval; and, 

d. means for pulse compressing the mixed signals. 

5. The signal processor recited in claim 4 wherein the 
producing means includes chirp pulse means for pro- 
ducing a linearly frequency modulated pulse, such 
chirp pulse having a dispersive bandwidth K/3 and such 
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pulse compression means having a compressive band- 
width p where K is less than or equal to 1 . 

6. The signal processor recited in claim 5 including 
means for adjusting the dispersive time K t of the chirp 
pulse. 

7. In a signal processor for determining the frequency 
of a signal, the combination comprising: 

a. means for storing samples of such signal at a rate 
Ri and for retrieving such samples at a rate R 3 
where R 2 is greater than R Jf to produce a time 
compressed signal; 

b. means for producing a chirp pulse; 

c. means for mixing the chirp pulse with the time 
compressed signal; and 

d. means for pulse compressing the mixed signal, 
such pulse compressor having a bandwidth greater 
than the bandwidth of the chirp pulse, such com- 
pressed pulse occuring at a time related to the 
frequency of such signal. 

8. The combination recited in claim 7 including 
means for adjusting the bandwidth of the chirp pulse. 

9. The combination recited in claim 7 wherein the 
bandwidth of the pulse compressor is twice the band- 
width of the chirp pulse. 

10. The combination recited in claim 8 wherein the 
chirp pulse producing means and the pulse compress- 
ing means each includes a surface acoustic wave delay 
line. 

***** 
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